Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 





~. 


3-337 anmenZebruary 1955 
PALL CHINCH BUG SURVEY TRIALS IN STANDI cleo RA F 

2 RECEIVED 
By C. M- Packard and C. Benton} yy MAR 12 1935 

Division of Cereal and Forage Insect Inve te OT ont : u 

Bureau of Entomology and Plant Quarantine, rent of Agron} 


United States Department of Agricul ure 





noe 





eA ADEs ro 


Very little definite information is available regarding methods of 
value in accurately determining fall abundance of the chinch bug as a measure 
of possible intensity of outbreak in the following season. Two criteria have 
been used: (1) The number of bugs per stalk of standing corn in late fall, 
and (2) the number of bugs per unit area of bunch grass or other hibernating 
quarters in late fall and early winter. These two methods are being etudied 
in detail in limited areas in Indiana and Ohio. The results obtained during 
the fall of 1934 on ‘Mbastieia: corn are here summarized for the early informa-— 
tion of interested workers These surveys will be compared at a later ‘date 
with the hibernation survey and subsequent infestation in the same areas. 


Chinch bug infestation counts were made by Mr. Benton September O28, 
1934, in a heavily infested corn field, and on October 1-3 in a moderately 
infested field, near Lafayette, Indianae These fields were roughly divided 
into twelfths, in 4 rows of 4 areas. cach, Of these, 64 stalks, 16 in each of 
4 parallel adjacent rows, were examined in the approximate center of each 
area or twelfth of the field. The number of bugs, exclusive of nymphs, 
observed on each individual stalk was recorded separately. 


Sire Aad to determine the best number and distribution of stalks to 
use ae sampling individual fields, in practical chinch ‘bue isirrepe iawserics 
of samples of each size and distribution, given in the tables below, was made 
up from data gathered by the methods previously outlined. No stalk was used 
more than once in composing any one scries of samples. Hach sample ina 
series was therefore completely independent of the others except in size and 
fraction of field it represented. Samples representing the whole field con- 
tained the same number of stalks from each of the 12 areas. Samples rep- 
resenting portions of: the field contained the same number of stalks from 
each of as many areas: as were required to compose the designated fraction 
of the field. In order to show the amount of variation among samples, of 
the.same size and distribution, the standard deviation was computed for each 
set. From these were calculated the odds that similar samples would fall 
Within definite arbitrary ranges of infestation. In. calculating odds, the 
ranges of infestation suggested by the Illinois workers were used, that is: 

Scant -— 0 to 3 bugs per stalk 
“Moderate - 4 to 15 bugs per stalk 
‘ Abundant - 15 or more bugs per stalk. 


ee. 


Table 1. Summary of Results, Martin Field, "Abundant! Infestation. 


_Bugs per stalk 





Percentage. 
Odds that of similar 
similar sam- samples ex- 
ples will pected to 


contain 15 contain 15 


Samples __ Each taken Stand. or more bugs or more bugs 
paca ees 10. from-___—‘Mean__—*‘Deviation _per stalk per stalk 
Hgmatalk 9 16 whole field 51.10 6.83 18630 to 1 100- 
eye ze " M" 51.10 7.56 9899 -t OWeh 100- 
eaaits 3)" 6) xuciae i supe Lae 3604, toad 99-7e 

ee em Ve eB LOO ah ede 84.85 to l 98.84 
a eek AME Scns CU ne caleoter ph akek ett 636 to 1 99.84 
jan: 0 by + I he LO 1, Loess 214 to 1 99.54 
2 ny hao. 52 4 Us Blvd 20.35 25.45 to.1 96,22 
eer ier. Olt a : Slsddo-, 21.94 19.47)t0. 14 95.04 
Gleal 12 i. oplace 1 BlelO 29 612: Le Qaie coed: 87.52 
le—* ft 60 il " 51.45 39.86 4Ue55°>to 1 $1.98 

Table 2. Summary of Results, Dunwoody Field, "Moderate" Infestation. 

Percentage 
Odds that of similar 
‘similar sam- samples ex- 
ples will -be-. pected to 
included by contain 4 to 
Bugs per stalk the range of 13.9 bugs 

Samples __ Each taken Stand. 4t0° 1359 per stalk 
weil Ze No. from Mean Deviation bugs per stalk. 

Ug—stalk 16 whole field 6.95 1.96 42.03 to l 97.68 
aphey l 32 " " B.95 2.42 Ose 71 GOEL 95.95 
de erat 64 i" i" 6.96 3.08 De onal! $9.29 

Gn it! 126 " i 8.95 U9 OUR t6"1 68.94 
es ta 32 + field $295 U.95 2.15 tol 68.25 
ela 32 i I Se95 505 2206 tor 67632 
Let: 64 4 " 8.96 5.36 RAL eet rie gi 64.66 
128) 4 64 4 I" S296 bap t Peyeetort 63.24 
le 12 1 place $95 5 28 Le youtond 63.24 
Tee gal! 60 a M" 8.86 6.33 Peeyitoer 55.95 


Due to lateness of season no intensive sampling test was conducted 


in a field falling into the "scant" range of infestation. 


A hypothetical 


case was therefore set up, using the eighteen le-stalk samples taken from 


9 fields in a survey of Tipton County made on October 17. 


Two lé=stalk sam- 


ples were taken by Messrs. Benton and Painter in each field, each man examin- 
ing a single stalk, in each of le: places, -about 50 paces apart on a circuit 


well into the field. 


Since all of these samples were very lightly infested 


it seems reasonable to assume that the results thus obtained are typical of 
what would be obtained from a similar series of samples taken from a single 


extremely lightly infested field. 
samples or a series of eighteen 12-stalk samples for analysis. 


as follows: 


We thus have a series of nine 2-stalk 


Results are 


~3~ 





‘Table 3. Summary of Results, Hypothetical Field, 
_Bugs per stalk _ 
Samples _ Hach taken Stand. 
Poze, ereoNO. 4s. 0 Vafroms Mean’ 
weWw-stalk.. 9:73. Y2iplacés ‘on 225 Oh 5259 
‘circuit of 0245 ~ 246 


ghee a 21S 
is he 1/3 field 


“wBest: Sige of: 








Sgt ‘1dini ted: by the time allowable in practical surveys. 


that the examination of 4S to 50 stalks took 
number of “bugs present, this size seemed about the 
eral use. 


samples were fairly ‘dependable measzres of infestation. 


_Deviation “per stalk 
Better than 


10,000 to 1. 


Odds that 
Similar sam- 
ples will be 
included by 
the range a 
O20, 5 bug 





"Seant" Infestation. 


Percentage . 
of similar 
samples ex- 


pected to 
contain QO to 
43 bugs per 
a Dad in: 
~ 100- 
100- 


Sample.--The size of sample to be taken from any one field 
Since it was found, 

i's to 23 hours, depending on , 
“maximum practical for gen- 
Also, thé abové trials indicated that representative 4é-stalk 

The mean infestations 


with their respective standard errors, computed from the standard deviations 


of the 24istalk samples, are: 


433: hypothetical field, .245 + 409. 


‘Martin field, 51.1 + 1.4; Dunwoody field, 8.95 + 
It therefore appears that the respective 


mean infestations in these ‘single- field trials are very close approximations 


: of the ‘true infestations. 
stalk samples (see Tables. Laue 


‘If go, doubling the standard deviations for tigre 
and 3) would indicate that 95 out of 100 single 


samples of this ‘size will ‘come within about 4 bug per stalk of the true in= 
festation in: very: lightly infested fields, ‘about’ 4 bugs per stalk of. the. true 
infestation in.moderately infested fields, and about 14 bugs per. stalk of, the 
true. infestation in fields where infestations are in the néighborhood of, 50: 


bugs per stalk:or high in the "abundant" range. 


Samples approximating true. 


infestations: thus! closely should throw most fields into their proper,, ranges, 
and the few: remaining: fields into the ranges immediately adjacent to where ee 


they. belong. Furthermore, 


in actual surveys the figure representing. the. in- 


festation:in a-:county or othér area would be the mean of a number of. samples 
rather than the individual samples themselves, ‘and in such surveys the few 
individual samples falling in too low a range would tend to counter—balance 


those falling in too ‘high ‘a ranges « 
is 3 eongluded that ie stalk aouotes 


In view of the above considerations its 
are large enough for practical USE 1 G4 


. The hore Gaseicton t ig How: much the ‘size of samples from ee eieige. 
can. ra réduced without entailing too great a corresponding reduction in de-." 


pendabilitye . 


In order.tio.make intelligent comparison of the amounts of 


variation in the sets of samples of different sizes and levels of. infesta- 
tion, it is first necessary td reduce these to a common basis. of measurement. 
The, coefficients: of: variation, - showing wnat percentage of its respective 
mean each standard. deviation is, were: therefore determined for each.set. 


_ Variation among ‘sanples.of eacd: size is thus: placed on a directly comparable. 


percentage. basise,: Only: sets of samples representative of entire. fields were. 


used-in, een Linn, cabal coefficients: of 


variation: 


a8 


Martin field Dunwoody field Hypothetical field 
Sizexsof i> © CAvs. ‘512 bugs rte Che 8.95 bdtgs* (Ave 0.25 bugs 
sample per stalk) per stalk) per stalk) 
pcaieanpautees «7 PLhencent LPercenv Percent 
Sette uu Ske eh 22 === 
Ben al. ) a hs 27 98 
ofl Baath, seals 34 100 


DS vingaang, BE fe phate 55 , oe 


-. These coefficients indicate that variation between individual samples 
increases rapidly as the. size of sample or amount: of infestation present de- 
creases. However, .they also indicate. that variation among single samples is 
not greatly increased by reducing their size to eu stalks. Considering the. 
opportunity this presents for taking samples from more fields in the time 
allowable, 24-stalk field samples would appear to be about the optimum size. 
These coefficients and the data given-in Tables 1, 2, and 3 indicate that re- 
duction in size of sample to 12 stalks per field or less would probably re- 
duce. dependability of results:too much for practical use. Further evidence 
from: test surveys now becomes essential to a determination of the most prac- 
tical size of sample. See Experimental Survey of Tippecanoé County below.. 


; -: Method. of Taking Samples,--The first question is how closely a sample 
-:taken from-only a part of a field may approximate .the:actual degree of in-. 
-festation prevalent in the whole field. Tables 1 and 2 show that in these 
trials.the variation: among individual samples, whatever their size, increased 
rapidly with the decreage-in size of the fraction of field from which they 
are taken. For instance, in the Martin field cl stalk samples showed a stan- 
dard: deviation. of 7.56 bugs per stalk when taken from all 12 parts of the ~ 
_sfield, 12.24 when taken from 6 places representative of-only 4 of the field, 
and .20.35 when. taken from 3.places representative of only + of the freld.” 
It.is-evident that infestatiqn varies greatly in different parts ofa field, 
and that single samples taken from only a portion of a.field.cannot be ‘de-. 
‘pended on for.a close estimate of the bugs per stalk present in the whole 
field... It is.therefore concluded that samples must-be taken so-as to be 
fairly representative of the area sampled, whether that area is all of a 
field or only.a.portion of it... sis pa Le ie 


: _ Experimental Survey of Tippecanoe County.--In extensive surveys, the 
time-consumed factor.would appear to preclude the representative saznpling of 
entire fields. Even the time required for walking throughout entire fields, 
to say, nothing of making the counts, would be almost prohibitive. On the 
basis of the total time spent in making the counts in the Martin and Dunwoody 
fields, the time per 48-stalk sample averaged approximately 2 man-hours. 





But. in practical surveys, is it necessary that samples be representa-— 
tive of whole fields? Would not more dependable results be secured by reduc- 

ing the size of the basic unit areas sampled and increasing their number per 

county?. Having tentatively determined the size of. sample necessary to represent 

with reasonable accuracy: the field.or part of field. sampled, can we not limit 

our counts to portions of: individual fields.or to whatever area is involved 

in taking 1 or 2 stalks every 50 paces or so on a large enough circuit into 

the field to give us a 12-stalk or 2l-stalk sample? So long as our samples 

are representative of whatever area is actually covered, can we not ignore 

fields as entities and think of our samples as representing a part of a county 

or larger area? For survey purposes we are mainly interested, not in individual 


are 


a Ai 


pe 


fields; but in the. average. infestation prevailing in a county or other unit 
of areas-+So-why not combine a.series of such samples from all parts of the 
‘County into ’a composite sample,,. representative of the county? If this pro- 
cedure is permissible, how many and what size of samples will be necessary 
eee hae 2 dependable county.average from such a series? 


rat order to Pires tars the answers to these questions a survey Was ~ 
made, hoe ober 8-12, of Tippecanoe County by Benton and Painter, each taking 
a le-stem sample in each of 90 fields, using the circuit method and counting 
the bugs present on 1 stalk at every 30 to 50 paces. The county was roughly 
divided into 3 tiers of 3 areas each, and 10 fields were sampled in each 
area. Samples each composed of 48 stems from each field would have been 
desirable, but due to lateness of season and gradual migration of bugs from 
corn it was necessary to modify the plans and complete the sampling as rapid- 
ly as possible. The maximum size of sample from each field was therefore 
set at 24 Vahe 


The peas single- ts infes tations were tabulated, and the data 
combined and recombined into sets of 12-, 2+, and 48-stalk samples, each 
set: being representative of the FHetereednty. No figures were used more 
than once in any series:except in the case of the 5-field sets, in which 
the samples from area Noe 5 were used twice, once in making wo sets from 
Seas tLe Siytis) (aycand 9,\.and once: in making up sets from areas 2, Lh 5s 8, 
and 8. This was done in order to utilize all the available data in a ainede 
computation for séts of this size, and, in the case of the l2e-stalk samples 
at least, had little effect on the results since, as shown in the following 
tabulation, either lot consisting of completely independent samples: showed 
practically’ the same mean infestation and standard deviation as that obtained 
when the two lots were combined. 


en of Areas rep- No. of Mean number of 





Sample. resented __. sets. bugs per stalk _ Standard deviation ~_ 
T2-stalk 1,3,547,9 Be RO, O(n ae 4.83 
ae pao. Gitety <i 2One. : 933 | ae OEE 
tio above-combined 40 . Deb ale 481 


A comparison of samples and sets of samples of different sizes is 
given.in : Table u.. 


. Table 4. Summary of Tippecanoe County Sampling Traals% 


| Noe of... | . Expectation that similar county sam- 
Individual: areas rep. No. of” ‘Bugs per stalk ples will fall within range indicatec 


field. sample in:set . sets Mean Stand.Dev. . Odds % Range 





Peta Lic: Sa eels 9.57) ose 287 40:1 Tite 16° hau to 15 
Bate Us or BaterteOnen, 96575 254.6850: 2685. tol THOS bea 15 
4g ne: fields) 5x LOeee Geb72) 26598 ie URS tod Bebo Bae to 15 
ib on ee - 9: SO ee Haseena hok ae OOS ON LS), 836550" MSU Lito” 15 
ut N, sesnln She "10. 9.555 Bn Oba die (02 Gord. 0 Sle4or CMAP, 15 
Ug "(2 folds) Bh Bi 9.554 2.084 15.89 tol 94.08 Weihato 15 


“Not noving: meen ties brea eo iaen baken from single fields, this 
size: was madei up by; combining, el stalk samples from ¢ fields in the same area. 


Buta. study: ofthe: original data, and also comparison of the ‘Gounty results 
with those from the Dunwoody field at about the same infestation level, 


bs 


indicated that the variation between'séts of 4S-stalk samples taken from 
single’fields would be considerably greater than that between the sets of 
Wstalk pempt oe shown in ‘this table, Lee each Eee Tepre sone : fields. 


In analyzing: this ue survey, the first consideration is the time 
required per county. As near as this can be estimated from these experi- 
ments, -the time SS for practical surveys would be about as follows: 


‘ibe ot -gample No. per county | Man-hours 
Ug stem: 9g en: 
iit ) le 
BOLI Wi 9 7 
WBs rat 5 12 
ey 5 7 
yo? 5 4 


One man apparently could cover about a county a day, examining nine 
12stem samplés:-or five 24-estem samples by the 50-pace method, although his 
progress would: vary considerably with amount of infestation encountered and 
other conditions.” If he were to examine‘ 48-stem samples it would take him 
15 to'3 days per county, depending on’ number of samples taken, ‘amount’ of : 
eI Aaa size of the aie Re NR 


The. ae: question for consideration is the size and mnnbee of roa ee 
per ‘county necessary for depéndable results. Table 4 indicates that 12-stalk 
samples, from 9 plaées in the’ county, are about thé minimum size and number 
of samples which might be consideréd sufficiently dependable for practical 


“survey purposese Dependability apparently decreases rather rapidly with 


reduction in the number of samples below 9 but does not increase very rapidly 
with increase in size of sample above 12. The larger sized samples, however, 
would probably show to better advantage if a larger number of sets were avail- 
able for comparison. ‘Furthermore, as explained above, the dependability on 
sets of 48-stalk samples from single fields is sy alee arey Considerably lower | 
than shown in.Table 4 for sets of 4&S-stem samples where each sample represents 
e fields. However, there would be -no object in: taking samples by this latter 
method in actual surveys. 


Dependability of survey results can of course be ‘increased to whatever 
degree is desired by simply increasing size and number of samples, but it 
would seem that.a‘size ‘and number of samples giving ‘an estimate within aerloy s 
6 bugs per stalk of the true infestation, for 8&3 percent of the time when 
infestation is inthe: "moderate" range, as indicated above for nine le-stalk 


. Samples per county’, would ‘be sufficiently dependable for’ practical survey 


purposes. The results of single-field experiments ‘in Tables 1- 3 indicate 


' that’ ithe closeness of the’ estimate would vary with the degree of infestation, 
(being within about 1 bug per stalk of the true infestation when in the "scant" 


range’,,.within 5 or 6 bugs per stalk in the "moderaté” range, and decreasing 


in accuracy as infestations imcreased into the “abundant! ranges Increasing 
# size and number: of samples to 48-stem from 9 parts of the county would in-— 
i erease, the time’ required per county ‘from one “man-—day. to three; and the’ a 


dependability from 83 percent to about 90 percent. Although it is probable 
that 24. and 4S—stem samples would show to better advantage: if a more adequate 


. series of them were. available, ‘these trials indicate that a: large increase in 


time: aS ae eee ira in? ‘onder to hae a hk on much ‘improvement in’ depend— 


’ 


9, 


ability over that to be expected from nine 12-stem samples per -county. 


The’ results of the Tippecanoe’ Coulity experiment give odds of better than. 


10; 000 to 1 that the infestation An corn at the time these counts were 


made’ fell ‘into the "moderate! ‘wanges Nineteen out of the 20 sets of le- 


stem samples taken in this county’ showed a "moderate" infestation, and the 
remaining one showed 16.3: bugs pér stalk, or only 1.3 bugs above ‘the upper 
limit of the "moderate" range. 


These trials, therefore, would indicate that a set of nine properly 
representative 1e-stem samples taken by the 50-pace-cincuit method, or the 


approximate equivalent of such a set, is adequate to give an estimate of 


the ‘chinch bug infestation in Tippecanoe County or a similar area to the 
degree of accuracy necessary for the uses ordinarily made of such informa- 


‘tion, and that the securing of very much more accurate estimates would in- 


volve| a much more: intensive survey. 


Jotnér: County Surveys.--In order to obtain data from counties con- 
taining different levels of infestation for comparison with future surveys 


of the same counties by other methods, Benton, Clinton and Tipton Counties 


were surveyed. A le=stalk sample was taken by each of 2 men from each of 

9 fields distributed over the county, as explained above for Tippecanoe 

County. Bach sample was taken 1 stalk per place.by the 50-pace-circuit method, 
the men kKéeping together so that the samples were taken from the same areas. 
The following table shows averages for individual observers and for the 

counts when combined into a single set of nine 24-stem samples for each 
county. 


Table 5. Results of Trial County Surveys in Standing Corn. 


Av. Bugs per Stalk . 











County Date Observer Individual Combined Range 

Benton Octel5 Benton Le eS Nhe 13.4 Moderate 
1934 Noble ens 

Tippe- Oct .S-le Benton 9.0 9.6 Moderate 

canoe 1934 Painter hed 

Gigatvon. “Oets LO Benton Bees: 305 Scant-moderate 
1934 Luginbill We 

Tipton Octe 17 Benton AG) 025 scant 
1934 Painter $2 


Considerable migration of bugs to winter quarters had probably 
occurred before these surveys were made. Therefore the ranges of infesta-— 
tion indicated above may be too low, It would undoubtedly be advisable to 
make practical surveys earlier in the fall before much migration has occurred 
and before much corn is cut, especially in areas where corn cutting is gen~ 
erally practiced. In these experiments counts were made of adults only. 
Karlier surveys, however, would encounter many bugs not yet in the adult 
stage and thus involve the difficulties of whether or not to count nymphs, 
what sizes of nymphs to include with the expectation of their maturing and 
hibernating successfully, and of making anything like an accurate count or 
estimate of the numbers present. 


Differences between Counts Made by Different Observers.Uihe above 


county surveys have involved four different observers. It will be noted 


(Table 5) that the individual and combined surveys for each county all fall 
within the same range of infestation. While it would have been desirable to 
have had the individual surveys made independently in: different fields, we 
would not have been able to make a comparison of results obtained by differ- 
ent observers if the. surveys had been made that way.’ Also we: already had 
the Tippecanoe County trials to show the variation to be expected among in- 
dependent sets of samples from the same area.. 


Dependability of surveys obviously rests first of. all on the accuracy 
of the observations. Counts by different observers may be expected to dif- 
fer to some extent, especially where there are. so many bugs that it becomes 
necessary to estimate rather than actually to count the number per stalk. 
In the present experiments the original figures for individual 1le-stem sam- 
ples suggest a tendency for the counts of.one observer to be somewhat lower 
or higher than those of another. In the Tippecanoe County survey, for ex- 
ample, the ten sets of 12-stem samples taken by Benton averaged 9.0 + 505 
bugs per stalk and the 10 sets taken by Painter averaged [ce 9 + yey bugs per 
stalk. Since the average obtained by either observer falls well within the 
standard deviation of the samples taken by the other observer it is obvious 
that the difference between the two averages is not, significant. That is, 
the variation due to observer is less than that due to chance, hence it be- 
comes of minor importance. 


et 
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